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ABSTRACT 
I n  1974, t h e  S t a t e  L e g i s l a t u r e  d i r e c t e d  t h e  Department of F i s h  and 
Game t o  i n v e s t i g a t e  causes  of a long-term d e c l i n e  i n  Dungeness c r ab ,  Cancer 
magister, commercial f i s h e r y  landings  i n  c e n t r a l  C a l i f o r n i a .  The Department 
e s t ab l i shed  t h e  Dungeness Crab Research Program which conducted i n v e s t i -  
ga t ions  on c rab  l i f e  h i s t o r y ,  p o l l u t i o n ,  and oceanography. 
Genet ic  s t u d i e s  t o  determine i f  t h e r e  were d i f f e r e n t  s t o c k s  a long  t h e  
coas t  were inconclus ive .  Ear ly  l a r v a l  s t a g e s  (zoeae) d r i f t e d  p r o g r e s s i v e l y  
o f f sho re  a s  they  developed. The last  s t a g e  l a r v a e  (megalopae) were found 
i n  nearshore  waters. San Franc isco  Bay was determined t o  be  an  impor tan t  
nursery  ground f o r  j u v e n i l e  c r a b s  which c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  
l o c a l  c o a s t a l  a d u l t  s tock .  Many s p e c i e s  of f i s h  were found t o  p rey  upon 
l a r v a l  and j u v e n i l e  crabs.  S i l v e r  salmon preyed h e a v i l y  upon megalopae. 
Chlor ine- t rea ted  sewage was tes  slowed responses of j u v e n i l e  c r abs  
but presen t  waste  t rea tment  p r a c t i c e s  (dech lo r ina t ion  b e f o r e  d ischarge)  
apparent ly  a r e  no t  harmful. No harmful e f f e c t s  of o t h e r  p o l l u t a n t s  ( t r a c e  
elements, p e s t i c i d e s ,  PCB's, and o i l )  were de t ec t ed  a t  l e v e l s  which were 
found i n  c rab  t i s s u e s  and t h e  Bay environment. 
A long-term oceanographic change, cha rac t e r i zed  by inc reased  ocean 
temperatures and s t r o n g e r  northward-flowing win te r  c u r r e n t s  was found t o  
coincide w i t h  t h e  c rab  dec l ine .  These condi t ions  appear t o  have b i o l o g i c a l  
e f f e c t s  on c rabs .  San Franc isco  c rabs  were found, on t h e  average,  t o  have 
sma l l e r  o v a r i e s  t han  Eureka c rabs .  I n  t h e  l abo ra to ry ,  c r a b  egg m o r t a l i t y  
was g r e a t e r  i n  increased  seawater  temperatures .  
Overa l l  conclus ions  a r e  t h a t  t h e  primary f a c t o r s  r e s p o n s i b l e  f o r  t h e  
crab d e c l i n e  a r e  long-term changes i n  ocean cond i t i ons  which have a f f e c t e d  
egg product ion and s u r v i v a l ,  and d i s t r i b u t i o n  of l a rvae .  
A/ Marine Resources Adminis t ra t ive  Report 81-3, March 1981. 
Marine Resources Branch, 2201 Garden Road, Monf e rey ,  CA 93940 
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INTRODUCTION 
The Dungeness crab,  Cancer magister, r e sou rce  o f f  c e n t r a l  C a l i f o r n i a  
dec l ined  d r a s t i c a l l y  i n  t h e  e a r l y  1960's  and has cont inued a t  unprecedented 
low l e v e l s  t o  t h e  p r e s e n t ,  whi le  t h e  r e sou rce  o f f  no r the rn  C a l i f o r n i a  has  
f l u c t u a t e d  a t  r e l a t i v e l y  h igher  l e v e l s  (Figure 1 ) .  The d e c l i n e  of the re source  
o f f  c e n t r a l  Ca l i fo rn i a  i s  of s e r i o u s  concern because it r e p r e s e n t s  a long- 
term t rend  r a t h e r  than  a  short-term f l u c t u a t i o n ,  
FIGURE 1. Dungeness crab commercial f i s h e r y  landings  f o r  n o r t h e r n  and 
c e n t r a l  C a l i f o r n i a  by season  s i n c e  1949. 
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The S t a t e  L e g i s l a t u r e  i n  1974, by Senate  B i l l  1606, d i r e c t e d  t h e  Department 
of F i s h  and Game t o  conduct a n  i n v e s t i g a t i o n  i n t o  t h e  causes of  t h e  d e c l i n e  
V) 
a 20- 
z 
3 
i n  t h e  C a l i f o r n i a  Dungeness crab f i s h e r y .  The i n v e s t i g a t i o n  was funded by 
revenue-from a s p e c i a l  t a x  on c rab  l and ings  provided f o r  i n  t h e  l e g i s l a t i o n .  
In  response t o  t h e  Leg i s l a tu re ,  t h e  Department e s t a b l i s h e d  t h e  Dungeness Crab 
Research Program and t h e  r e sea rch  was begun i n  l a t e  1974. The o b j e c t i v e  of t h e  
Program was t o  determine t h e  f a c t o r s  causing t h e  d e c l i n e  and cont inued low 
l e v e l s  of t h e  Dungeness c r ab  r e sou rce  and t o  make management recommendations 
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t o  p r o t e c t  and i n c r e a s e  t h e  resource.  The Program i n i t i a l l y  was t o  end on 
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September 30, 1979, bu t  was extended t o  June 30, 1980. Annual p rog res s  r e p o r t s  
and a comprehensive f i n a l  r e p o r t  were r equ i r ed  by t h e  l e g i s l a t i o n .  
Following a n a l y s i s  of t h e  most l i k e l y  reasons  f o r  t h e  d e c l i n e ,  t h e  re- 
sea rch  concentrated on c r i t i c a l  l i f e  h i s t o r y  s t a g e s ,  p a r t i c u l a r l y  l a r v a e  and 
juven i l e s ;  water  q u a l i t y  i n  t h e  nearshore  ocean and bays;  and n a t u r a l  h i s t o r i c a l  
oceanographic cond i t i ons  and t h e i r  e f f e c t s  on v a r i o u s  c r ab  l i f e  s t a g e s .  
This  document is a summary of t h e  r e s e a r c h  a c t i v i t i e s ,  conclus ions ,  and 
recommendat2ons. A more comprehensive s c i e n t i f i c  r e p o r t  is be ing  prepared  
f o r  p u b l i c a t i o n  i n  t h e  nea r  f u t u r e .  
LIFE HXSTORY 
Some h i g h l i g h t s  of t h e  Dungeness c r a b ' s  l i f e  h i s t o r y  (F igure  2) are 
given h e r e  so  t h a t  terms and ph rases  necessary  t o  d e s c r i b e  t h e  Program's 
s t u d i e s  may be more e a s i l y  understood. 
Dungeness c rab  mating gene ra l ly  takes p l ace  i n  nea r sho re  ocean w a t e r s  
i n  s p r i n g  and t h e  female s t o r e s  t h e  male 's  sperm u n t i l  e a r l y  f a l l  when spawning 
t akes  p lace .  During spawning t h e  eggs a r e  passed o u t  of the fema le ' s  body t o  
t h e  underside of h e r  abdomen where they  become a t t a c h e d  i n  a sponge-like m a s s .  
A s  t h e  eggs are extruded,  they  a r e  f e r t i l i z e d  by t h e  s t o r e d  sperm. 
Around t h e  f i r s t  o f  January,  t h e  eggs ha tch  t o  t h e  f i r s t  of s i x  l a r v a l  
s t ages .  The  f i r s t  f i v e  s t a g e s  a r e  c a l l e d  zoeae and a l l  l ook  ve ry  s i m i l a r ,  
t h e  p r i n c i p a l  d i f f e r e n c e  being s i z e .  The l a s t  l a r v a l  s t a g e ,  t h e  megalopa, 
looks much l i k e  t h e  more f a m i l i a r  c rab  s t a g e .  These l a r v a l  s t a g e s  a r e  i n  t h e  
ocean waters  a s  p a r t  s f  t h e  p lankton  f o r  about  3 t o  4 months and t h e  "molt" 
o r  metamorphosis from t h e  megalopa t o  t h e  f i r s t  p o s t - l a r v a l  c r ab  s t a g e  occurs  
toward t h e  end of A p r i l  o r  t h e  f i r s t  p a r t  of May. 
Molting is  t h e  process  by which c rabs  grow. The c rab  sheds  i t s  o l d  s h e l l  
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and exchanges i t  f o r  a new one which has been developing underneath. Twelve 
molts w i l l  b r ing  an average crab t o  about LOO mm o r  4 inches  i n  s h e l l  width 
i n  about 1 o r  2 years .  Most crabs achieve sexual  matur i ty  by t h i s  s i z e ,  a f t e r  
which they genera l ly  molt once pe r  year .  Only male crabs  may b e  taken l e g a l l y .  
i n  the  commercial f2shery and males reach l e g a l  s i z e  (159 mm o r  6-1/4 inches)  
i n  about 3 o r  4 years .  Mature females of a given age a r e  somewhat smaller 
than t h e i r  male counterparts .  Crabs may l i v e  t o  be 5 o r  6 years  o ld .  
FIGURE 2. L i f e  cyc le  of the Dungeness crab i n  Ca l i fo rn ia  Clife s t a g e s  no t  
drawn t o  sca le ) .  
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PROGRAM RESEARCH 
P r i n c i p a l  s tudy  a r e a s  were t h e  Gulf of t h e  Fa ra l lones  and t h e  San 
Francisco Bay complex (Figure 3) , F i e l d  o p e r a t i o n s  designed t o  c o l l e c t  c r a b s  
and crab l a r v a e  were conducted p r i m a r i l y  from Department-operated o r  cha r t e r ed  
v e s s e l s  and from shore-based s t a t i o n s .  Laboratory a c t i v i t i e s  cons i s t ed  of 
sample a n a l y s i s  and experimentat ion,  g e n e r a l l y  a t  Department f a c i l i t i e s ,  and 
through c o n t r a c t s  t o  o u t s i d e  agencies .  Various f i e l d  and l a b o r a t o r y  s t u d i e s  
were conducted on Dungeness c rab  l i f e  h i s t o r y ,  e f f e c t s  of p o l l u t i o n ,  and 
oceanography. 
'PTGURE 3. Pr fnc ipa l  study. areas. 
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L i f e  H i s to ry  I n v e s t i g a t i o n s  
Stock I d e n t i f i c a t i o n  
Genetfc s t u d i e s  were conducted t o  determine i f  t h e r e  were d i f f e r e n t  
Dungeness c rab  s tocks  a long  t h e  coas t .  The l a b o r a t o r y  a s p e c t s  o f  t h e s e  
s t u d i e s  ( t i s s u e  e l e c t r o p h o r e s i s )  were performed by the Unive r s i t y  of  Cali-  
f o r n i a  a t  San Diego under c o n t r a c t  t o  t h e  Department. The r e s u l t s  were icon- 
e lu s ive ;  however, in te rmingl ing  of s t o c k s  appears  t o  occur  a s  a r e s u l t  of 
l a r v a l  d r i f t .  
Larval  Dynamics 
Nearly 2000 plankton samples were c o l l e c t e d  and analyzed t o  determine t h e  
d i s t r i b u t i o n  and r e l a t i v e  abundance of Dungeness c rab  l a r v a e  and o t h e r  forms 
of  zooplankton. Water temperatures  and s a l i n i t i e s  a s s o c i a t e d  with t h e  bio-  
l o g i c a l  samples were a l s o  compiled. These d a t a  w e r e  compared and analyzed;  
and de termina t ions  were made regard ing  t h e  dynamics of  Dungeness c r ab  l a r v a e  
and, t o  some ex ten t ,  t h e  oceanographic f a c t o r s  a f f e c t i n g  them. 
The zoea l  s t a g e s  were found p rog res s ive ly  f a r t h e r  o f f s h o r e  a s  they developed. 
This o f f s h o r e  d r i f t  r e s u l t s  i n  t h e  exposure of t h e  zoeae t o  a win te r  northward- 
flowing c o a s t a l  cu r r en t .  Stronger  northward-flowing w i n t e r  c u r r e n t s  have 
occurred more f r e q u e n t l y  i n  t he  p a s t  two decades and, t hus ,  the p o t e n t i a l  f o r  
l o s s  of l a r v a e  from t h e  nearshore  a r e a  has  a l s o  inc reased .  By c o n t r a s t  t h e  
megalopae, t h e  l a s t  l a r v a l  s t age ,  are found i n  nearshore  wa te r s ,  i n  r e l a t i v e l y  
l a r g e  numbers and w i t h  some i n d i c a t i o n  t h a t  . they came from t h e  no r th .  The 
mechanism f o r  t h e i r  i n s h o r e  movement remains unknown. 
Juven i l e  Crabs 
The d i s t r i b u t i o n ,  r e l a t i v e  abundance, growth rates, movements, and food 
h a b i t s  of j u v e n i l e  Dungeness c r abs  i n  the s tudy  area were i n v e s t i g a t e d  through 
ex tens ive  f i e l d  sampling. 
Juven i l e  crab nursery  grounds inc luded  t h e  nea r sho re  c o a s t a l  a r e a s  and 
t h e  San Francisco Bay complex. Large numbers of e a r l y  s t a g e  j u v e n i l e  c r a b s  
were shown t o  move annual ly  i n t o  San Franc isco  Bay a s  a r e s u l t  of p r e v a i l i n g  
bottom cu r ren t s .  While i n  t h e  Bay, they e x h i b i t e d  a growth rate n e a r l y  twice 
t h a t  of ocean-reared c rabs ;  some d a t a  i n d i c a t e  t h a t  this may b e  r e l a t e d  t o  
t h e i r  d i e t .  A f t e r  a p p r o x i m a t e l y l y e a r  i n  t h e  Bay, t h e  c r abs  move o u t  and 
a r e  replaced by the  next  year -c lass  of j u v e n i l e  c r abs .  The d a t a  show t h a t  
t h e  San Francisco Bay nu r se ry  ground c u r r e n t l y  makes a  s u b s t a n t i a l  c o n t r i -  
bu t ion  t o  t he  l o c a l  a d u l t  c rab  s t o c k s .  
Preda t ion  
The stomach c o n t e n t s - o f  n e a r l y  2500 f i s h e s  were analyzed t o  determine t h e  
preda tors  and p o t e n t i a l  e f f e c t s  of  p reda t ion  on va r ious  s t a g e s  of  Dungeness 
crabs.  
Many f i s h  spec i e s  p rey  upon Dungeness c r abs ,  pa r t i . cu l a r ly  on  t h e  l a r v a l  
and juven i l e  s t ages .  S i l v e r  salmon, Onaorhynchus kisutch, were shown t o  be  
heavy preda tors  on megalopae, presumably a s  t h e s e  l a r v a e  move back i n s h o r e  
and southward along t h e  coas t .  Columbia River  h a t c h e r i e s  have  produced 
inc reas ing  numbers of  s i l v e r  salmon s i n c e  the e a r l y  1960's ,  and i t  has  
been demonstrated t h a t  t h e s e  salmon c o n t r i b u t e  s u b s t a n t i a l l y  t o  C a l i f o r n i a  
landings.  This  c i r c u m s t a n t i a l  evidence p o i n t s  t o  an  i n c r e a s e  i n  t h e  pre- 
da t ion  r a t e  on crab l a r v a e  w i t h  p o t e n t i a l l y  s i g n i f i c a n t  b u t ,  as y e t ,  unmeasured 
e f f e c t s .  The e f f e c t s  on recru i tment  appear  t o  b e  g r e a t e r  t o  c e n t r a l  Califor,-.ta 
c r ab  s tocks ,  than  t o  o t h e r  c o a s t a l  s t o c k s  because t h e  occurrence  of t h e s e  
hatchery-reared f i s h  co inc ides  w i t h  t h e  movement of Dungeness c r a b  megalopae 
toward the  c e n t r a l  C a l i f o r n i a  coas t .  
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P o l l u t i o n  I n v e s t i g a t i o n s  
F i e l d  and l a b o r a t o r y  s t u d i e s  were made on va r ious  p o l l u t a n t s  and t h e i r  
r e l a t i o n s h i p s  t o  c r abs ,  inc luding  ch lo r ine - t r ea t ed  sewage was t e s ,  p e s t i c i d e s  
and PCB's, t o x i c  t r a c e  elements,  and pe t ro l eun  hydrocarbons ( o i l ,  e t c . ) ,  
Chlorine-treated Sewage Waste 
Chlorine is  a t o x i c  subs tance  and can form t o x i c  compounds when i t  r e a c t s  
w i t h  sewage. The use  of  c h l o r i n e  t o  d i s i n f e c t  sewage was tes  i n  the San Fran- 
c i s co  Bay a r e a  has increased  concurren t ly  w i t h  t h e  c r ab  d e c l i n e .  E f f e c t s  of  
ch lor ine- t rea ted  sewage on j u v e n i l e  Dungeness c r abs  were s t u d i e d  through a 
con t r ac t  w i t h  t h e  Univers i ty  of C a l i f o r n i a  S a n i t a r y  Engineering Research 
Laboratory a t  Richmond, Ca l i fo rn i a .  
Heavy doses of ch lo r ine - t r ea t ed  sewage a t  10  t o  50% d i l u t i o n  i n  San 
Francisco Bay water  were l e t h a l  t o  c rabs ,  w h i l e  s i m i l a r  heavy doses of un t r ea t ed  
sewage were not .  Also, lower l e v e l s  of ch lo r ine - t r ea t ed  sewage, a l though 
h igher  than what t h e  c r abs  would encounter  i n  t h e  Bay, w e r e  n o t  l e t h a l .  Thus, 
Dungeness c rabs  a r e  very  r e s i s t a n t  t o  l e v e l s  of  ch lo r ine - t r ea t ed  was tes  they  
would be expected t o  encounter  i n  t h e  Bay. However, i n  b e h a v i o r a l  t e s t s  of 
crabs placed on t h e i r  backs, t h e  turnover  o r  r i g h t i n g  response  was s lower even 
f o r  t hose  c rabs  he ld  i n  very low l e v e l s  of ch lo r ine - t r ea t ed  sewage. 
These e f f e c t s  of c h l o r i n e  poss ib ly  could make crabs  more s u s c e p t i b l e  t o  
preda t ion  and thus  could have con t r ibu ted  t o  t h e  dec l ine .  However, i n  t h e  
mid-1970ts, sewage t rea tment  p l a n t s  began removing t h e  c h l o r i n e  be£ o r e  d i s -  
charging i n t o  t h e  Bay. Now, v i r t u a l l y  a l l  sewage w a s t e  d i scharged  i n t o  t h e  
Bay is  dechlor ina ted .  
Toxic Trace Elements 
Levels of  a wide range  of p o t e n t i a l l y  t o x i c  t r a c e  elements  i n  c r ab  t i s s u e s ,  
such a s  a r s e n i c ,  copper, cadmium, l ead ,  mercury, selenium, s i l v e r ,  and o t h e r s  
were determined i n  crabs from t h e  San Franc isco  and Eureka a r e a s .  General ly ,  
l e v e l s  were h ighe r  i n  hepatopancreas t i s s u e s  than  muscle t i s s u e s  and were 
h ighe r  i n  a d u l t  c rabs  than j u v e n i l e  c r abs .  Three elements ,  cadmium, selenium 
and s i l v e r ,  w e r e  found a t  s i g n i f i c a n t l y  h igher  l e v e l s  i n  San Franc isco  c rabs  
than  i n  Eureka crabs.  
A t  t h e  Department's Marine Bioassay Laboratory,  w e  s t u d i e d  e f f e c t s  on 
j u v e n i l e  c rabs  of t h e s e  t h r e e  elements i n  seawater w i t h  shor t - te rm tests f o r  
96 hours  t o  determine l e t h a l  concen t r a t ions ,  and long-term tests f o r  60 days a t  
sub- le tha l  concen t r a t ions .  The c rabs  concent ra ted  t h e s e  elements  i n  t h e i r  
? 
t i s s u e s  a t  much h ighe r  l e v e l s  t han  w e r e  p r e s e n t  i n  t h e  seawater .  T i s sue  
concen t r a t ion  f a c t o r s  i n  t h e  long-term sub- l e tha l  t e s t s  were about  2000 t imes  
f o r  cadmium, 1000 t imes  f o r  s i l v e r ,  and 100 t i m e s  f o r  selenium. The t i s s u e  
l e v e l s  accumulated i n  t h e  long-term t e s t s ,  were much h ighe r  t han  t h o s e  found 
i n  c rabs  i n  t he  f i e l d  wi thout  any obvious e f f e c t s .  
P e s t i c i d e s  and PCB's 
PCB's and r e s i d u e s  of t h e  p e s t i c i d e  DDT were found i n  c r ab  t i s s u e s  b u t  
a t  very  low l e v e l s ,  g e n e r a l l y  much lower than  1.0 ppm. No o t h e r  p e s t i c i d e s  
were found. Eureka j u v e n i l e s  had s l i g h t l y  h ighe r  DDT r e s i d u e  l e v e l s  than  
San Francisco juven i l e s .  Overa l l ,  the p e s t i c i d e  l e v e l s  were lower than  t h o s e  
found i n  prev ious  s t u d i e s  which probably r e f l e c t s  t h e  d e c l i n i n g  u s e  of DDT. 
No historical da ta  e x i s t  f o r  comparison of PCB's. The p r e s e n t  d a t a  i n d i c a t e  
t h a t  p e s t i c i d e s  and PCB% a r e  n o t  a cause of  cont inued low l e v e l s  of  t h e  c rab  
resource .  
O i l  
-
O i l  hydrocarbon l e v e l s  i n  c rab  t i s s u e s  and sediments  were analyzed through 
a c o n t r a c t  w i t h  t h e  Un ive r s i t y  of C a l i f o r n i a  Naval Biosc iences  Laboratory at 
Oakland, Ca l i fo rn i a .  Sediments i n  San Franc isco  Bay show a complex mixture  
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of s a t u r a t e d  and unsa tu ra t ed  hydrocarbons inc lud ing  some of  t h e  most t o x i c  
components of r e f i n e d  petroleum. The major sou rce  o f  t h e s e  hydrocarbons i s  
poss ib ly  from f reshwater  r u n - o f f ;  o f  s e v e r a l  p o s s i b l e  sou rces ,  s t r e e t  dus t  
shows t h e  most s i m i l a r  c h a r a c t e r i s t i c s  t o  t h e  sediments.  
San Franc isco  a r e a  c rab  t i s s u e s  showed h ighe r  hydrocarbon l e v e l s  t han  
Eureka a r e a  c rabs .  However, upon a n a l y s i s ,  t h e  c r abs  d i d  n o t  show accumula- 
t i o n  of  t h e  t o x i c  petroleum components of s e d i h e n t s  and thus  do n o t  appear  
t o  be  t ak ing  up hydrocarbons from t h e  sediments .  The "oi ly"  r e s i d u e s  i n  crab 
t i s s u e s  a r e  l a r g e l y  s i m i l a r  t o  mine ra l  o i l  i n  conten t ,  and probably r e s u l t  
from t h e i r  d i e t  o f  f i s h ,  clams, and crus taceans .  
Oceanography I n v e s t i g a t i o n s  
H i s t o r i c a l  Ocean Conditions 
H i s t o r i c a l  ocean conditions inc lud ing  temperature,  s a l i n i t y ,  upwell ing,  
c u r r e n t s ,  and atmospheric  p r e s s u r e  were analyzed f o r  r e l a t i o n s h i p s  t o  t h e  
dec l ine .  A w e l l  documented long-term change i n  ocean cond i t i ons  began i n  l a t e  
1957, 3 y e a r s  b e f o r e  t h e  onse t  of t h e  c rab  dec l ine .  The more apparent  f a c t o r s  
c o n t r i b u t i n g  t o  t h i s  change were i n c r e a s e s  i n  water  temperature,  p a r t i c u l a r l y  
dur ing  t h e  f a l l  and win te r ,  and s t r o n g e r  northward-flowing w i n t e r  c u r r e n t s .  
I n  add i t i on ,  s p r i n g  and summer upwell ing have been s t r o n g e r  s i n c e  a t  l e a s t  
1964. 
Crab l i f e  s t a g e s  which occur  dur ing  t h e  f a l l  and w i n t e r  i n c l u d e  l a t e  
ovary development, spawning, egg-brooding, and ha t ch ing  of l a r v a e .  Any e f f e c t s  
on t h e s e  e a r l y  l i f e  s t a g e s  would b e  r e f l e c t e d  i n  c rab  landings  3 o r  4 yea r s  
l a t e r .  The change i n  ocean cond i t i ons  i n  l a t e  1957 co inc ides  w i t h  t h e  o n s e t  
of t h e  c rab  d e c l i n e  i n  t h e  1960-61 season  and crab l and ings  have remained low 
as t h e  oceanographic changes gene ra l ly  have p e r s i s t e d .  
Laboratory s t u d i e s  were run  t o  determine whether any b i o l o g i c a l  e f f e c t s  
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could be r e l a t e d  t o  t h e  change i n  ocean condi t ions .  
B io log ica l  E f fec t s  
Crab Ovary Development. From 1976 t o  1980 more than  600 female c r abs  
from San Francisco and Eureka a r e a s  were d i s s e c t e d .  Weight and development 
of  the  ova r i e s  were determined and t h e  d a t a  were analyzed s t a t i s t i c a l l y .  On 
t h e  average, San F r a ~ l c i s c o  crab ova r i e s  were s1ight l .y  s m a l l e r  than  o v a r i e s  
from Eureka a r e a  c rabs .  This sugges t s  t h a t  San Franc isco  c rabs  probably are 
producing s l i g h t l y  fewer eggs than Eureka c rabs .  The product ion  of  sma l l e r  
ova r i e s  i s  probably a phys io log ica l  response  t o  warmer cond i t i ons  a t  t h e  
southern  end of the  c r ab ' s  range,  b u t  t h i s  d i f f e r e n c e  does n o t  appear ,  by 
i t s e l f ,  t o  be s u f f i c i e n t  t o  account f o r  t h e  dec l ine .  
Crab Egg Surv iva l .  .During 1977-1980, we studi.ed the  e f f e c t s  of seawater  
temperatures a t  approximately 10°C, 13OC, and 17°C (50'-63OF) on crab  spawning, 
egg brooding, and ha tch ing  success  a t  t h e  Department's Marine Cu l tu re  Laboratory.  
Female c rabs  from Eureka and San. Franc isco  a r e a s  were used i n  t h e s e  s t u d i e s .  
Crab egg masses t y p i c a l l y  con ta in  approximately 1-2 m i l l i o n  eggs. Develop- 
ment of t hese  eggs was f a s t e r  i n  t h e  warmer wa te r ,  averaging  65 days a t  about  
17OC, 85 days a t  about 13OC, and 110 days a t  about  10°C. However, ha t ch ing  
success  was much b e t t e r  i n  t h e  co lde r  w a t e r .  The average  h a t c h  a t  10°C was 
about 700,000 l a r v a e ;  a t  13OC i t  was about  250,000 l a r v a e ;  and a t  17OC t h e  
h a t c h  averaged only 14,000 l a rvae ,  bu t  most of t h e s e  c rabs  hatched v i r t u a l l y  
no la rvae .  
This s tudy  i n d i c a t e s  t h a t  e f f e c t s  of t h e  warmer ocean temperatures  on 
egg s u r v i v a l  i n  c e n t r a l  C a l i f o r n l a  s i n c e  1957 could b e  a primary cause  of 
t h e  long-term d e c l i n e  I n  c e n t r a l  C a l r f o r n i a  c r ab  landings .  
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Other Research 
Nemertean Worms 
Observat ions were made on a nemertean worm which l i v e s  and l a y s  i ts eggs 
among t h e  c rabs '  eggs. This worm has  been r epor t ed  by some r e s e a r c h e r s  t o  be 
a c rab  egg p reda to r  and i t  has been imp l i ca t ed  a s  the cause of t h e  dec l ine .  
W e  d id  n o t  observe any egg p reda t ion  by t h e  worms no r  were any o t h e r  
adverse  e f f e c t s  o f  t he  worms noted. We f e e l  t h a t  more work needs t o  b e  done 
on t h e  r o l e  of t h e s e  worms i n  crab egg masses. 
Commercial Trawl Study 
Est imates  of m o r t a l i t y  t o  a d u l t  Dungeness c r abs  by commercial t r awl ing  
i n  t h e  Gulf of t h e  Fa ra l lones  were made dur ing  t h e  surmner of  1980. Trawling 
was conducted i n  an  a r e a  where a d u l t  male crab mol t ing  pu rpor t ed ly  t a k e s  p l a c e  
and during t h e  peak mol t ing  season.  Overa l l  m o r t a l i t y  was e s t ima ted  t o  b e  
approximately 2% w i t h  h ighe r  m o r t a l i t y  e x h i b i t e d  on s o f t ,  recent ly-molted c rabs .  
The da t a  imply t h a t  commercial t r awl ing  a c t i v i t i e s  o f f  San Franc isco  are no t  a 
major f a c t o r  i n  t h e  d e c l i n e  of c e n t r a l  C a l i f o r n i a  c r ab  s t o c k s .  
Laboratory Cul ture  S tud ie s  
The Marine Cul ture  Laboratory conducted e x t e n s i v e  s t u d i e s  on mass c u l t u r e  
techniques f o r  t he  a r t i f i c i a l  r e a r i n g  of Dungeness c r ab  l a r v a e .  These s t u d i e s  
developed and r e f i n e d  methods f o r  producing l a r g e  numbers of  l a r v a e  f o r  
experimentat ion and p o s s i b l e  enhancement o p p o r t u n i t i e s  f o r  t h e  c r ab  f i s h e r y .  
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CONCLUSIONS 
Overa l l  concLusions a r e  t h a t  t h e  primary f a c t o r s  r e s p o n s i b l e  f o r  t he  
d e c l i n e  and sus t a ined  low landings  of llungeness c rabs  i n  t h e  San F ranc i sco  
a r e a  a r e  l o n g - t e r m e s  i n  ocean cond i t i ons  c h a r a c t e r i z e d  by inc reased  
ocean temperatures and s t r o n g e r  northward-flol~wng w i n t e r  c u r r e n t s .  These 
condi t ions  have a f f e c t e d  egg production. and s u r v i v a l ,  and d i s t r i b u t i o n  of 
e a r l y  s t a g e  l a rvae .  I n  a d d i t i o n ,  ocean cond i t i ons  appear  t o  have a f f e c t e d  
d i s t r i b u t i o n  and abundance of megalopae ( the l a s t  l a r v a l  s t a g e ) .  P reda t ion ,  
p r imar i ly  by s i l v e r  salmon on megalopae, is a  p o s s i b l e  c o n t r i b u t i n g  f a c t o r .  
Chlorine t rea tment  of sewage wastes  i n i t i a l l y  may have been a  problem b u t  
apparent ly  i s  no t  harmful w i t h  p r e s e n t  t rea tment  p r a c t i c e s .  W e  have found no 
evidence t h a t  o t h e r  p o l l u t a n t s  have had a de t r imen ta l  e f f e c t .  The r o l e  of 
nemertean worms i n  c rab  egg masses needs f u r t h e r  i n v e s t i g a t i o n .  
Severa l  important  ques t ions  remain t o  be  answered: 
d How do megalopae a r r i v e  back a t  t he  coas t  and how does this relate t o  
crab abundance? 
0 Why do j u v e n i l e  c r abs  grow f a s t e r  i n  San Franc isco  Bay than  i n  t h e  ocean 
and how does this a f f e c t  t h e  f i s h e r y ?  
How do female crab b io logy  and popula t ion  numbers r e l a t e  t o  s t o c k  f luc-  
t u a t i o n s ?  Some of this work is  presentJ.y be ing  conducted a t  Humboldt 
S t a t e  Universi ty .  
What e f f e c t  do nemertean worms have on Dungeness c r ab  eggs? W e  are con- 
t i n u i n g  t o  i n v e s t i g a t e  t h e  r o l e  of t h e  w1~~m.s. 
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RECOMMENDATIONS 
It i s  no t  p o s s i b l e  t o  change t h e  oceanographic cond i t i ons  which appear  
t o  be r e spons ib l e  f o r  t h e  c e n t r a l  C a l i f o r n i a  Dungeness c rab  d e c l i n e  and con- 
t inued low landings .  However, we b e l i e v e  i t  would b e  p o s s i b l e  t o  enhance 
crab product ion i n  c e n t r a l  C a l i f o r n i a  by manipula t ions  of c rab  eggs and l a r v a e ,  
though i t  would b e  d i f f i c u l t  t o  determine and measure t h e  r e s u l t s .  
We recomend t h a t :  
1. A study. be  conducted t o  determine t h e  f e a s i b i l i t y  of enhancement techniques 
which would i n c r e a s e  t h e  r e sou rce  and b e n e f i t  t he  f i s h e r y  and t h a t  e f f o r t s  
be made t o  implement t h e  most a p p r o p r i a t e  methods. 
2. Management opt ions  such a s  changes i n  gea r ,  season ,  s i z e ,  and sex r e s t r i c t i o n s ,  
whichwould p r o t e c t  and i n c r e a s e  t h e  resource  and r e s u l t  i n  b e n e f i t i n g  
t h e  f i s h e r y  , b e  considered. 
3. Addi t iona l  r e sea rch  b e  conducted on Oungeness c r ab  l a r v a l  dynamics, female 
biology,  j u v e n i l e  growth r a t e s ,  and nemertean worms. 
